Vascular aging and essential hypertension cause similar structural and molecular modifications in the vasculature. The 12-lipoxygenase (LO) pathway of arachidonic acid metabolism is linked to cell growth and the pathology of hypertension. Thus, elevated expression of 12-LO has been observed in vascular smooth muscle cells (VSMCs) from spontaneously hypertensive rats (SHR). In the present study, we investigated the differences in 12-LO expression and activity between VSMCs from old normotensive Wistar-Kyoto rats (old WKY, 90-week old) and SHR (13-week old). The protein and mRNA expression of basal or angiotensin II (Ang II)-induced 12-LO in old WKY VSMCs were higher than those in SHR VSMCs. The degradation rate of 12-LO mRNA in old WKY VSMCs was slower than that in SHR VSMCs. However, basal or Ang II-induced 12-LO mRNAs in both old WKY and SHR VSMCs decayed more rapidly than that in young WKY (13-week old) VSMCs. Higher expression of 12-LO in old WKY VSMCs than in SHR VSMCs was correlated with the expression level of Ang II subtype 1 receptor (AT 1 R). The reduced levels of nitric oxide (NO) in old WKY and SHR VSMCs compared with young WKY VSMCs were similar, and there was no significant difference in NO production between old WKY and SHR VSMCs transfected with 12-LO siRNA. In addition, in contrast to the proliferation of SHR VSMCs, the proliferation of old WKY VSMCs was not dependent on 12-LO activation. These results suggest that the potential role of 12-LO in normotensive aging vasculature may be different from that in SHR Keywords: 12-lipoxygenase; aging; hypertension; vascular smooth muscle cell INTRODUCTION With increasing age, the vasculature goes through structural and molecular modifications, and changes in the expression and activation of vasoactive mediators occur naturally. 1 The arterial walls of individuals with essential hypertension undergo similar functional and structural changes to those of normotensive aging individuals. However, hypertension accelerates aging-associated modifications of the arterial walls. 2,3 It is not known which molecular mechanism has a critical role in the vascular changes observed during the aging process.
INTRODUCTION
With increasing age, the vasculature goes through structural and molecular modifications, and changes in the expression and activation of vasoactive mediators occur naturally. 1 The arterial walls of individuals with essential hypertension undergo similar functional and structural changes to those of normotensive aging individuals. However, hypertension accelerates aging-associated modifications of the arterial walls. 2, 3 It is not known which molecular mechanism has a critical role in the vascular changes observed during the aging process.
Age-associated arterial proinflammation might be the foundation for the initiation and progression of vascular hypertension in old age, and this proinflammation is associated with various downstream molecules of angiotensin II (Ang II) signaling networks, including monocyte chemoattractant protein-1, calpain-1, matrix metalloproteinase type II, reactive oxygen species (ROS) and nitric oxide (NO) bioavailability. 2, [4] [5] [6] [7] [8] [9] In addition, elevated production of Ang II-induced signaling molecules have been observed in spontaneously hypertensive rats (SHR) relative to normotensive Wistar-Kyoto rats (WKY) with aging. [10] [11] [12] These findings suggest that the Ang II pathway has an important role in the development of hypertension with aging.
The lipoxygenase (LO) pathway is associated with the pathogenesis of hypertension. [12] [13] [14] [15] LOs are classified as 5-,8-,12-and 15-LO according to the carbon atom of the arachidonic acid at which the oxygen is inserted. Three isoforms of platelet, leukocyte and epidermal type 12-LO have been cloned. Leukocyte type 12-LO and human 15-LO have high homology and are classified as 12/15-LO because they produce 12(S)-hydroxyeicosatetraenoic acid (12(S)-HETE) and 15(S)-HETE from arachidonic acid. 16, 17 Leukocyte type 12-LO shows a wide tissue distribution, including vascular smooth muscle cells (VSMCs). 13, 18 Ang II is a potent positive regulator of 12-LO activation and expression in porcine and human VSMCs. 18, 19 In addition, an elevated level of 12-LO activity in SHR plasma and decreased blood pressure by inhibitors of 12-LO pathway have been reported in SHR. 12 Most of the studies that have examined the molecular and cellular mechanisms of the interaction of aging and hypertension have focused on the effect of monocyte chemoattractant protein-1, matrix metalloproteinase type II, ET-1, ROS or NO bioavailability on endothelial function, and biological roles for 12-LO in the vascular aging process remain largely undefined. Thus, in the present study, we investigated 12-LO expression and activity in old WKY and SHR VSMCs and compared them with young WKY VSMCs.
METHODS Reagent
Trizol reagent for total RNA isolation was purchased from Invitrogen (Carlsbad, CA, USA). Dulbecco 0 s phosphate-buffered saline (PBS), Dulbecco 0 s modified Eagle 0 s medium (DMEM), penicillin-streptomycin and fetal bovine serum (FBS) were purchased from Gibco/BRL (Life Technologies, Gaithersburg, MD, USA). Ang II was obtained from Calbiochem (San Diego, CA, USA). CCL5 was obtained from R&D systems (Minneapolis, MN, USA). LightCycler FastStart DNA SYBR Green I Mix was obtained from Roche (Mannheim, Germany). Baicalein was obtained from Sigma-Aldrich (St Louis, MO, USA). 12(S)-HETE was purchased from Cayman Chemical (Ann Arbor, MI, USA). Actinomycin D was obtained from Sigma-Aldrich. The rabbit antihuman Ang II subtype 1 receptor (AT 1 R) and subtype 2 receptor (AT 2 R) antibodies were purchased from Abcam (Cambridge, UK). Goat anti-human 12-LO and ET-1 polyclonal antibody was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The primer sequences for 12-LO, AT 1 R and b-actin were purchased from Bionics (Seoul, South Korea). The rat AT 1 R and 12-LO small interfering RNA sequences were purchased from Bioneer technology (Daejon, South Korea). All other reagents were pure-grade commercial preparations.
Experimental animals
Specific pathogen-free male inbred SHR or normotensive WKY were purchased from Japan SLC (Shizuka, Japan). All experimental animals received autoclaved food and bedding to minimize exposure to viral and/or microbial pathogens. The rats were cared for in accordance with the Guide for the Care and Use of Experimental Animals of Yeungnam Medical Center.
VSMCs preparation
VSMCs were obtained from the thoracic aortas of 90-week-old male WKY (W90 or old WKY), 13-week-old male SHR (S13) and WKY (W13 or young WKY) using the explant method as described by Griendling et al. 20 VSMCs were cultured in DMEM, which was supplemented with 10% FBS and 1% penicillin-streptomycin. Cells were detached with 0.25% trypsin/EDTA and seeded onto 75-cm 2 tissue culture flasks at a density of 10 5 cells per ml. All experiments were conducted between cell passages 3 to 7. Before stimulation, 95%-confluent VSMCs were serum-starved overnight by incubating in DMEM containing 0.1% FBS. Cell cultures were incubated in a humidified incubator at 37 1C and 5% CO 2 in the presence or absence of stimuli for the indicated times.
Preparation of total RNA, RT-PCR and real-time PCR
Total RNA was extracted using the Trizol reagent according to the manufacturer 0 s instructions. The quantity of total RNA obtained was determined by measuring the optical density at 260 and 280 nm.
One mg of total RNA per sample was reverse-transcribed using Moloney murine leukemia virus reverse transcriptase (Perkin Elmer, Norwalk, CT, USA) and oligo dT priming at 42 1C for 15 min, according to the manufacturer 0 s instruction. Amplification with specific primers was performed in a Gene Amp PCR system 9600 (Perkin Elmer) for 35 12-LO or ET-1 was amplified by real-time PCR using the LightCycler (Roche). RNA was reverse-transcribed to cDNA from 1 mg of total RNA and then subjected to real-time PCR. PCR was performed in triplicate. The total PCR volume was 20 ml and the PCR consisted of LightCycler FastStart DNA SYBR Green I mix (Roche), primer and 2 ml of cDNA. Before PCR amplification, the mixture was incubated at 95 1C for 10 min, and the amplification step consisted of 45 cycles of denaturation (10 s at 95 1C), annealing (5 s at the primer-appropriate temperature), and extension (10 s at 72 1C) with fluorescence detection at 72 1C after each cycle. After the final cycle, melting point analyses of all samples were performed over a temperature range of 65 to 95 1C with continuous fluorescence detection. b-actin expression levels were used for sample normalization. Results for each gene were expressed as the relative expression level compared with b-actin. The primers of 12-LO and b-actin used for PCR were the same as the primers described above and the primer used for PCR of ET-1 was as follows: sense, 5 0 -ctcctccttgatggacaagg-3 0 , antisense, 5 0 -cttgatgctgttgctgatgg-3 0 . The level of 12-LO or ET-1 mRNA was determined by comparing experimental levels to standard curves and was expressed as relative fold expression.
Small interfering RNA (siRNA)
VSMCs were plated on 24-well plates and grown to 90% confluence. VSMCs were then transfected with AT 1 R or 12-LO siRNA oligomers (50 nmol l À1 ) using lipofectamine 2000 in accordance with the manufacturer's instructions. After 24 h of incubation, VSMCs were placed in growth medium for 24 h before the experiments. Cells were then cultured in the presence or absence of stimuli for 4 h. The sense and antisense oligonucleotides used in these experiments were as follows:
Western blotting
Total lysates were prepared in PRO-PREP buffer (iNtRON, Seongnam, South Korea). Protein concentrations were determined by the Bradford assay (Bio-Rad, Richmond, CA, USA) using bovine serum albumin as standard. Thirty-microgram protein samples were separated on 10% SDS-polyacrylamide gels, and then transferred to nitrocellulose membranes. The membranes were soaked in 5% nonfat dried milk in TBST (10 mmol l À1 Tris-HCl pH7.5, 150 mmol l À1 NaCl and 0.05% Tween-20) for 1 h and then incubated for 16-18 h with primary antibodies against 12-LO, ET-1, AT 1 R, AT 2 R and g-tubulin at 4 1C. Membranes were washed three times with TBST for 10 min and then incubated with horseradish peroxidase-conjugated secondary antibody for 1 h at 4 1C. The membranes were rinsed three times with TBST for 10 min and the antigen-antibody complex was detected using the enhanced chemiluminescence detection system (LAS-3000, Fujifilm, Tokyo, Japan).
Nitric oxide production
Quantitative measurement of NO production was performed using a nitrate/ nitrite colorimetric assay kit (Cayman, Ann Arbor, MI, USA), according to the manufacturer's instructions. Culture media were centrifuged at 800 r.p.m. for 10 min, and isolated supernatant was then transferred to a 96-well plate in 40 ml aliquots. 10 ml of enzyme cofactor mixture and 10 ml of nitrate reductase mixture were added to each well, and the plate was covered and incubated at RT for 3 h. Next, 100 ml of Greiss reagent (0.5% sulfanilamide, 2.5% phosphoric acid, and 0.25% naphthylenediamine) was added to the wells for 10 min and the absorbance was read at 540 nm using a microplate reader (Sunrise, Tecan, Sydney, Australia).
Enzyme-linked immunosorbent assay (ELISA)
12(S)-HETE levels in cell supernatants with an ELISA kit that was obtained from Enzo Life Sciences (San Diego, CA, USA). All procedures were performed in accordance with the manufacturer's instructions.
VSMCs proliferation
VSMCs were plated in 24-well plates with serum-free medium for 24 h and then exposed to the stimulant. 
Statistical analysis
Results were expressed as means ± s.e.m. from at least three or four independent experiments. The statistical significance was determined by the Mann-Whitney test (for comparison between two groups) or Kruskal-Wallis ANOVA (for comparison of three groups) followed by Bonferroni's post-hoc tests. All statistical tests were performed with the use of SPSS version 18.0. A value of P less than 0.05 was considered statistically significant.
RESULTS

Basal expression of 12-LO is higher in old WKY VSMCs than in SHR VSMCs
It is well known that both 12-LO and ET-1 activity are linked to the development of hypertension. 21, 22 Thus, we compared the constitutive expression patterns of 12-LO at the mRNA and protein levels with those of ET-1 in WKY and SHR VSMCs. The expression of both 12-LO and ET-1 was higher in old WKY and SHR VSMCs than in young WKY VSMCs, and the expression of ET-1 in old WKY VSMCs was lower than in SHR VSMCs. However, the expression of 12-LO was significantly higher than in SHR VSMCs (Figure 1a 12-LO expression in old normotensive VSMCs HY Kim et al WKY and SHR VSMCs; however, at longer times, the degradation rate in old WKY VSMCs was slower than that in SHR VSMCs (Figure 3b ).
Expression of AT 1 R is higher in old WKY VSMCs than in SHR VSMCs Expression of AT 1 R and AT 2 R are modulated by Ang II or 12-LO, 23 and Ang II-induced 12-LO expression is mediated by these receptors. 24 Thus, we hypothesized that the high expression of 12-LO mRNA in old WKY VSMCs may be influenced by AT 1 R or AT 2 R. To test this hypothesis, the basal expression levels of AT 1 R and AT 2 R protein in old WKY VSMCs were compared with those in SHR VSMCs. AT 1 R was increased in both the old WKY and SHR VSMCs when compared with young WKY VSMCs, and the expression of AT 1 R in old WKY VSMCs was remarkably higher than in SHR VSMCs. However, the level of AT 2 R in old WKY and SHR VSMCs was not high compared with the level of AT 1 R, and there was no significant difference in the expression level of AT 2 R between old WKY and SHR VSMCs (Figure 4a ). We next examined the effect of Effect of 12-LO on nitric oxide (NO) production and VSMCs proliferation of old WKY and SHR VSMCs NO bioactivity is elevated in 12/15-LO knockout mice. 25, 26 Thus, we hypothesized that the higher expression of 12-LO in old WKY VSMCs may inhibit NO production to a higher degree than observed in SHR VSMCs. Under the basal VSMCs condition, production levels of NO in old WKY and SHR VSMCs were lower than in young WKY VSMCs; however, there were no significant differences between old WKY and SHR VSMCs (Figure 5a ). We also found that the 12-LO product, 12(S)-HETE, directly inhibited NO production in old WKY and SHR VSMCs. The inhibitory effect of 12(S)-HETE on NO production was weak in the both old WKY and SHR VSMCs, and there was no significant difference between old WKY and SHR VSMCs (Figure 5b ). After transfection of 12-LO siRNA into VSMCs, NO production increased very weakly in both old WKY and SHR VSMCs, and there was also no significant difference in the NO level between old WKY and SHR VSMCs (Figure 5c ). It is widely accepted that growth of VSMCs derived from SHR is faster than that of age-matched normotensive VSMCs, and 12-LO has been shown to play a role in VSMCs proliferation associated with 12-LO expression in old normotensive VSMCs HY Kim et al hypertension. 13 Thus, we compared the basal proliferation of old WKY VSMCs with SHR VSMCs. There was no significant difference in basal VSMCs proliferation between old WKY and SHR VSMCs (Figure 6a ). Additionally, no significant difference was observed in VSMCs proliferation between old WKY and SHR VSMCs stimulated with Ang II or 12(S)-HETE ( Figure 6b ). We next examined the effect of a 12-LO inhibitor, baicalein, on VSMCs proliferation in old WKY VSMCs and SHR VSMCs. Baicalein inhibited VSMCs proliferation slightly, only in SHR VSMCs (Figure 6c ). To confirm this result, [ 3 H]-thymidine incorporation was performed on old WKY and SHR VSMCs treated with 12-LO-directed siRNA. VSMCs proliferation was significantly decreased in SHR VSMCs transfected with 12-LO siRNA compared with non-transfected SHR VSMCs. However, there was no significant difference in VSMCs proliferation between non-transfected and 12-LO siRNA-transfected old WKY VSMCs (Figure 6d ).
DISCUSSION
Molecular modifications of vasoactive mediators in the vessel walls from normotensive old vessels have been shown to be similar to the changes observed in hypertension vessels. A vasoactive mediator, 12-LO, has been implicated in the pathogenesis of hypertension and atherosclerosis, and its activity is elevated in SHR compared with that in age matched WKY. 12, 27, 28 However, as far as we know, a comparison of 12-LO expression and activity between old WKY and SHR VSMCs has not yet been reported. This study focuses on the comparison of old normotensive VSMCs with hypertensive VSMCs. It was expected that the function of the old hypertensive cells would be markedly different from that of the young hypertensive cells, so it was decided that the young hypertensive cells were a suitable choice for the comparison of old normotensive VSMCs. Furthermore, the reason for choosing 13-week old SHRs was that hypertension is only apparent when a certain age has been reached; at 6-8 weeks, these rats experience 'prehypertensive SHR'; and, from 10-12 weeks, they have 'established SHR' . 29 Thus, 13-week old SHRs were chosen to ensure that hypertension occurred. In addition, in this animal experiment, as the SHR's lifespan was shorter than that of the WKY, 90-week old SHR VSMCs could not be obtained for comparison with 90-week old WKY cells; this is in agreement with other reports stating that the SHR has a lower life expectancy than the WKY. 30 
12-LO expression in old normotensive VSMCs HY Kim et al
ET-1 is a well known vasoconstrictor and has been shown to play an important role in experimental hypertensive animal models, as has 12-LO. 21, 22 In this study, ET-1 expression in SHR VSMCs was higher than in old WKY VSMCs. However, despite the important roles of 12-LO in hypertensive vasculature, the expression of basal or Ang IIinduced 12-LO was higher in old WKY VSMCs than in SHR VSMCs. But the expression level of 12-LO mRNA in old WKY VSMCs might not always coincide with the bioactivity of 12-LO. The 12-LO protein level induced by Ang II in old WKY VSMCs did not reflect the mRNA expression level to the mRNA expression level of Ang II-induced 12-LO. In addition, the stability of 12-LO mRNA in old WKY VSMCs was higher than that in SHR VSMCs. However, the degradation rate of basal or Ang II-induced 12-LO mRNA was more rapid in both old WKY and SHR VSMCs than in young WKY VSMCs. These results suggest that although a higher expression of 12-LO in old WKY VSMCs than in SHR VSMCs may be related to the slower degradation Figure 5 There are no significant differences in the production levels of NO and inhibitory effect of 12-LO on NO production between old WKY and SHR VSMCs. (a) After 24 h of incubation, cell supernatants were isolated from cultures of WKY and SHR VSMCs, and nitrate/nitrite colorimetric assay for NO production was performed. Bars represent means±s.e.m. from three independent experiments. There are no statistical difference between some groups (same characters have no statistical difference). (b) Old WKY and SHR VSMCs were untreated or treated with 12(S)-HETE (500 nM) for 1 h. After cell supernatants were isolated, nitrate/nitrite colorimetric assay for NO production was performed. Bars represent means±s.e.m. from three independent experiments. **Po0.01 vs. untreated VSMCs. (c) WKY and SHR VSMCs were plated on 24-well plates, grown to a confluency of 90% and then transfected with 12-LO siRNA oligomers (50 nmol l À1 ). Total RNAs from transfected or non-transfected VSMCs were analyzed by RT-PCR to confirm successful transfection, NO levels were then measured. The data are representative of three independent experiments. Bars represent means ± s.e.m. from three independent experiments.
12-LO expression in old normotensive VSMCs HY Kim et al rate of 12-LO mRNA compared with SHR VSMCs, the expression of basal or Ang II-induced 12-LO mRNA is not likely regulated by posttranscriptional mRNA stability in both old WKY and SHR VSMCs, and aging or a hypertensive state leads to a decrease in the stability of 12-LO mRNA in VSMCs. Ang II has two subtype receptors, the AT 1 R and the AT 2 R, and the density of AT 2 R is lower than that of AT 1 R expression in VSMCs. 32 Most of the Ang II activity is mediated via AT 1 R, such as vasoconstriction, VSMCs proliferation, renal tubular sodium reabsorption. 33, 34 Moreover, Ang II-induced 12-LO expression is mediated by AT 1 R activation, and high expression of AT 1 R is observed in the SHR. 18, 23, 35 Xu et al. 23 reported that the 12/15-LO pathway can regulate AT 1 R expression and AT 1 R expression is lower in mouse mesangial cells derived from 12/15-LO knockout (12/15-LOKO) mice compared with control mice. In addition, they also observed that overexpression of AT 1 R enhances Ang II-induced 12-LO expression in mouse mesangial cells. Therefore, we hypothesized that the high expression of 12-LO in old WKY VSMCs might be associated with AT 1 R expression and activation. Thus, we evaluated the basal expression levels of AT 1 R and AT 2 R in the old WKY and SHR VSMCs. The expression of AT 1 R in old WKY VSMCs was significant higher than that in SHR VSMCs. However, there was no significant difference in 12-LO mRNA expression between old WKY and SHR VSMCs transfected with AT 1 R siRNA. This result suggests that high basal expression of 12-LO mRNA in old WKY VSMCs may be due, in part, to upregulation of AT 1 R. It has been known that AT 2 R expression increases with aging, especially in VSMCs. 33 Although we also detected an increase in the expression of AT 2 R in old WKY VSMCs, the increase level of AT 1 R expression was more remarkable.
NO bioavailability is reduced with aging and reduced NO activity leads to decreased vasodilatory, prothrombotic, and increased oxidative stress environment. 1 The interaction between LOs and NO pathways potentially impacts the development of vascular disease. 26, 36, 37 Anning et al. 26 reported that 12/15-LOKO mice increase NO biosynthesis and 12/15-LO can decrease NO by catalyzing ROS-dependent decay and/or directly affecting 12/15-LO products, 12(S)-HETE. Thus, we hypothesized that the NO level in old WKY VSMCs would be lower than that in SHR VSMCs because the 12-LO level was significantly 38 Rapid growth of SHR VSMCs compared with WKY VSMCs is observed under basal conditions. Some studies have suggested that endogenous Ang II in SHR VSMCs promotes their basal growth and leads to the exaggerated growth of SHR VSMCs. 39, 40 Satoh et al. 39 reported that increases in growth factors, including TGF-b1, platelet derived growth factor (PDGF) by endogenous Ang II may contribute to the exaggerated growth of SHR VSMCs. In addition, it is well known that proliferation of VSMCs isolated from old animals is more rapid than that of VSMCs isolated from young animals. 41 The increased p44/p42 MAPK and PDGF activity of VSMCs are at least in part responsible for the increase of VSMCs proliferation with the aging process. 42, 43 Additionally, The change in the activation of AP-1 and increases of cyclin-dependent kinase 2 (CDK2) and cyclin A promoter activity with aging process have been shown to contribute to the increase in VSMCs proliferation. 44, 45 In our study, there were no significant differences in basal or Ang II-induced VSMCs proliferation between old WKY and SHR VSMCs. It has been reported that the proliferation of mouse VSMCs isolated from 12/15-LOKO mice is reduced compared with VSMCs proliferation from control mice, and 12(S)-HETE directly induces VSMC hypertrophy. 13, 46 In addition, Preston et al. 47 suggested that 12-LO and 12(S)-HETE are important intermediates in hypoxia-induced pulmonary artery SMCs proliferation. Thus, we also compared the direct effect of 12(S)-HETE on VSMCs proliferation in old WKY VSMCs and SHR VSMCs. Although the 12(S)-HETE-induced VSMCs proliferation was lower than Ang IIinduced VSMCs proliferation, 12(S)-HETE increased VSMCs proliferation in all three groups of VSMCs, and there was no significant difference in VSMCs proliferation induced by 12(S)-HETE between old WKY and SHR VSMCs. But, while a significant decrease in VSMCs proliferation was observed in 12-LO siRNAtransfected SHR VSMCs, VSMCs proliferation was not decreased in 12-LO siRNA-transfected old WKY VSMCs. In other words, although the 12-LO product 12(S)-HETE itself induced a significant increase in the proliferation of old WKY VSMCs, the proliferation of old WKY VSMCs was not mediated through the 12-LO pathway. This result suggests that the main mechanism of proliferation of old WKY VSMCs is likely to be mediated not through the 12-LO pathway but through the dysregulation of the cell cycle via changes in signaling pathways, including augmented cyclin A activity.
Aging is one of the strongest risk factors for developing neurogeneration, and oxygen-mediated events are considered possible mechanisms responsible for the increasing neuronal vulnerability in aging. 48, 49 12/15-LO is considered one of the major sources of brain oxidative stress. According to one report, 12/15-LO proteins and enzyme activity are increased and correlates with an oxidative imbalance in the Alzheimer's disease. 50 But, a biological role of 12/15-LO in vascular aging process has not been established. Therefore, in this study, although the effect of the increased expression of 12-LO in old WKY VSMCs compared with SHR VSMCs was not correlated with NO inhibition or VSMCs proliferation, the increase of 12-LO activity in old WKY VSMCs is likely to modulate oxidative stress responses in vascular cells leading to facilitate vascular aging process.
Taken together, in old normotensive WKY VSMCs, the expression and stability of 12-LO mRNA are higher than those in SHR VSMCs, and the high expression of 12-LO is associated with AT 1 R upregulation but does not inhibit NO production. In addition, the proliferation of old WKY VSMCs is not dependent on the 12-LO pathway. Thus, these results suggest that 12-LO activity may play a different pathophysiological role in the normotensive aging vasculature than in the hypertensive vasculature.
